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ISO New England (ISO) Has Two Decades of
OELISNASYOS hOSNBSSAY3I (K
Electric Power System

A Regulatedby the Federal
Energy Regulatory
Commission

A Reliability Coordinatorfor
New England under the
North American Electric
Reliability Corporation

A Independentof companies
In the marketplace and
neutral on technology




ISO New England Performs Three Critical Roles to
Ensure Reliable Electricity at Competitive Prices

Grid
Operation
Coordinate and direct Design, run, and Study, analyzegand
the flow of electricity oversee the markets planto make surdNew
23S NI 0KS NI @hett yibksale England's electricity
high-voltage electricity is bought needs will be met over
transmission system and sold the next 10 years
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Dramatic Changes in the Energy Mix
¢KS FdzSfta dzaASR (2 LINPRdAzOS (KS NX3IAZ2Y Q&
economic and environmental factors

Percent of TotaElectric Energ¥roduction by Fuel Type
(2000 vs. 2017)

m 2000 m 2017

31%31%

Nuclear Oil Coal Natural Gas Hydro Renewables

Source: ISO New Englandt Energy and Peak Load by Source
Renewables include landfill gas, biomass, other biomass gas, wind, solar, municipal solid waste, and miscellaneous fuels
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https://www.iso-ne.com/isoexpress/web/reports/load-and-demand/-/tree/net-ener-peak-load
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Power Plant Emissions Have Declined with
Changes in the Fuel Mix

Reduction in Aggregate Emissions (ktons/yr)

2001 59.73 200.01 52,991

2016 16.27 4.47 37,467
% Reduction, . \ X
2001c2016 e /3% e 98% e 29%

Reduction in Average Emission Rates (Ib/MWh)

1999 1.36 4.52 1,009

2016 0.31 0.08 710
% Reduction, . \ X
19992016 e /% e 98% e 30%

Source2016 ISO New England Electric Generator Air Emissions RBpoember 2017 (draft)
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https://www.iso-ne.com/static-assets/documents/2017/12/draft_2016_emissions_report_20171220.docx

The Region Has Lastand Is at Risk of Losimg
Substantial NorGas Resources

Major Generator Retirements:

A Salem Harbor Station (749 MW) X Closed or retiring
I 4 units (coal & oil)

A Norwalk Harbor Station (342 MW)

| Generation at risk

i 3 units (oil)
A Mount Tom Station (143 MW)

i 1 unit (coal)

| Yarmouth

A Vermont Yankee Station (604 MW)

T 1 unit (nuclear) Merrimack | § Newington
A Brayton Point Station (1,535 MW) .  Sctiller

i 4 units (coal & oil)

¥Salem Harbor

A Pilgrim Nuclear Power Station (677 MW) Mt. Torn X | Mystic

T 1 unit (nuclear) West Springfield | ¥Pi|grim
A Bridgeport Harbor Statior{564MW) viddiotou WX e

I 2 units(coal & oil) NorwilE I Montuille™ =2y

¥ ¥ | New Haven

A Additional retirements are looming Bridgeport (Units 2 and 3
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States Have Set Goals for Reductions in Greenhouse
Gas Emission§Some Mandated, Some Aspirational

Percent Reduction in Greenhouse Gas (GHG) Emissions Economy Wide by 2050*

Rhode New
Connecticut Massachusetts Island Maine Hampshire Vermont NEG-ECP

0%

%3800 0 0
80% 80% s 2700% g0y, gooec 9506 (270G 8%

100%

M Legislative Mandate Aspirational Goal

4. . The New England states are promoting GHG reductions on alstatiate basis, and at the regional
. ® level, through a combination of legislative mandates (e.g., CT, MA, RI) and aspiratiorahadiog
& goals (e.g., ME, NH, VT and the New England Governors and Eastern Canadian Premiers).

*MA, RI, NH, and VT use a 1990 baseline year for emissions reductions. CT and-B@MNIES a 2001 baseline. ME specifiesatéshs below 2003 levels thatayo S NI lj dzA NB R
GSNX¥Y®é C2NJ Y2NB Ay T2 NN¥I (A 2y 3:hi#SiSnevsBe. candupda2sA1y/F1/thefieh-enbl&hdsiiéh Ndan-dndindfrénfieSorkfor-reducin.html
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http://isonewswire.com/updates/2017/3/1/the-new-england-states-have-an-ongoing-framework-for-reducin.html
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State Policy Requirements Drive Proposals for
Renewable Energy

State Renewable Portfolio Standard (RPS)*

40 - for Class | or New Renewable Energy

C

e 35 VT 2018c 55%

0 2020¢ 59%
3 30 A 2025¢ 63%

Q 2030¢ 71%
T 25 2035¢ 75%
S 2040¢ 75%

5 20 / = ¢ ¢ o CT
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b2adSay /2yySOiArl0daioa /traa L wt{ NBIldANBYSyd LI GSI dzand éxgiresined22 oyt has eenheid
O2yail yu Ay GKAA& OKENI F2N) AffdzaGNI GADS LIZNLIZ &S a0 @ 0 with osstateriexaiiaBoin dateNew f I &

I ' YLJAKANBQa LISNODSyGlFaSa AyOf dzRS iesobrcedlBlhsdzi rbsBurcEsyaie aew Retaiblayidsibéginiing bpérationLafter y R
Januaryli nnc0® bS¢g | FYLAKANBQa /frFraa L FyR /fF&aa LL wt{ NBI denewBbieenerpaplateifus G ¢
Fd ocop: Ay WHWhdipldt + B RglieRias plabeyuS AtB®6MN 2032récognizes all forms of new and existing renewaisiergyand is

unique in classifying largecale hydropower asenewable.
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Wind Power and Natural Gas Dominate New Resource

Proposals in the ISO Interconnection Queue
Approximately 14,800 MW

By Type By State

Pump Solar, RI,
Biomass Storage, 1,116, Battery VT 1125 8%
37,<1%.  66,<1% 8%  Storage, NH 80, 1%
1) 1) 0 ,
/ 400, 3% 163 19t
Hydrqg Natural ME,
33, <1% —Cas 5,166,
4,563 35%
31%
6,054,
wind, cT
8,552, 2,179,
58% 15%

Note: Some natural gaproposals includeluakfuel units(oil); some wind and solar
proposals include battery storage; megawatts represent nameplate capacity ratings; ~ Source: ISO Generator Interconnection Quélanuary 2018)
megawatts have been rounded for each proposal. FERC and NeFERQurisdictional Proposals
ISGNE PUBLIC
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Developers Are
vt Proposing Largé&cale
Transmission Projects
to Help Deliver Clean
Energy to Load Centers

A Developers are proposing)+elective
transmission upgrades (ETUS) to help
deliver of cleanenergy

I Mostly Canadian hydro and onshore wind
from northern Newkngland

Offshore Wind
Southern New England

A Wind projects make upS8%of proposed
Map is representative of the types of projects new power resources but mOSt are I’emOtf

announced for the region in recent years

A Massachusetts has plans to contract for
of offshore wind

SourcelSO Interconnection Quey@anuary 2018)

ISGNE PUBLIC
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http://www.iso-ne.com/system-planning/transmission-planning/interconnection-request-queue

¥ W Key Grid Challenge:
e . eag Fuel Securi ty

& Oy adzZNAy 3 (KS

% generators have adequate
fuel to produce electricity,

particularly in thewinter

A 1SO finalized and released
its Operational FueSecurity
Analysisupon resolution of
the U.S. Department of
Energy (DOE) Notice of
Proposed Rulemaking (NOPR)
on Grid Resiliency Pricing

[



ISO New England Publish@perational FuelSecurity
Analysis

A The goal of thestudyis to understand future effects of trends
already affectingpower system operations

A The analysis examinesore than20 cases of B in Emaf
generatingresource and fueiix combinations -
during the 20242025 winter, and quantifiesach =~ ;g = &

O afgxacurityrisk
I I.e.,the number and duration of energy shortfalls that could occur and that
would require implementation of emergency procedures to maintain reliability

A The study assumeab additional natural gas pipeline
capacitywould be added toserve generatorgluringthe
timeframeof the study
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https://www.iso-ne.com/static-assets/documents/2018/01/20180117_pr_fuel-security_report_release.pdf

Operational FuelSecurity Analysis Differs from
Previous Studies

A'"YviA1lS GKS L{hQa LINBGJA2dza &
study:
I Quantifiesoperationalrisk by measuring energy shortfalls and system
stress

I Focuses on the availability of energy overeatire winter period
rather than capacity availability on just peak days

I Does not directly consider fuel costs or prices

I Does not examine impacts of expanded natural gas pipeline capacity
on a winter peak day

A As with all projections, the hypothetical resource
combinations described may never materialize

I Further, power systems conditions vary on a daily and hourly basis ani
may not behave exactly as predicted in study models

ISGNE PUBLIC
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Six Major Conclusions

The study results suggest the following major conclusions:

1. Outages The region is vulnerable to the seadong outage of any of
several major energy facilities

2. Key dependenciesReliability is heavily dependent on LNG and electricity
imports; more duafuel capability is also a key reliability factor

3. Logistics Timely availabilitypf fuel is critical, highlighting the importancé
fuel-delivery logistics

4. Risk All but four of 23 scenarios result in load shedding, indicating a trend
towards increased fuedecurity risk

5. RenewablesMore renewables can help lessen fgelcurity risk, but are
likely to drive oHand coalfired generator retirements which, in turn, require
more LNG

6. Positive OutcomesHigher levels of LNG, imports, and renewables can
minimize system stress and maintain reliability; delivery assurances and
transmission expansion would be needed

ISGNE PUBLIC
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GenerationMix Changes on Cold Days

2015 Annual Fuel Mix Compared with Day of Highest Coal and Oil Generation in 2015

February 24, 2015

2015 Annual Fuel Mix 19°F High
“ 49% @ Natural Gas 17%
.‘ -30% @ Nuclear | 26%
9% | @ Renewables | 8%
7% @ Hydro 6%
4% @ coal 1% “
2% | ® oil 32%

Source: ISO New England, 215 Net Energy and Peak Load by Source and Daily Generation by Fuel Type 2015
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Key Fuel Variables

The study modeled a wide range of resource combinations
that might be possible by winter 2024/2025 considering five
key fuel variables:

1.

ON
OFF

Retirements of coaland oilfired generators

» The study assumes that New England will haveaaifired plants in winter
2024/2025

Importsof electricity over transmission lines from New York
and Canada

Oil tank inventories (i.e., how often esite oil tanks at dual
fuel power plants are filled throughout the winter)

[ SOSt 2F ftAlJdzZSTASR yI dzNF £ 3l
natural gas delivery and storage infrastructure

Levelof renewable resources on the system

ISGNE PUBLIC
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Key Fuel Security AssumptioqRenewables

Breakdown MW
7 - Renewables | / \ | | / \ l
Scenario Total MW E
(rounded)
Onshore Wind Offshore Wind Other Renewables
2017 4600 1,200 30 2,400 960

Reference Case 6,600 1,200

Max Renewables 9,500 1,200 2,000 5,330 n
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Demand and System Stress Measurements

A System stress was measured by several operational metrics
Including:
I Actions during a capacity deficiency (@DP
i Depletion of temminute reserves
I Load shedding

©® TOTAL WINTER IMPACT

OP 4 Hrs. of DEVERT )]
AllOP 4 Actions Load Load
Hours 6-11 Shedding | Shedding
(OPT) (OPT)
I’= ISGNE PUBLIC
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Hours of Emergency Actions under Modeled
Scenarios, Ordered Least to Most

350

300

e BB Load shedding (0P 7)

. Depletion of 10-Minute Reserves
200 Conservation Pleas (OP4 Actions 6-11)

150

100
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Appendix A- Detailed Results
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Next Steps n

A The ISO released this feggcurity report fgm
January 17, 2018 and will continue to disct. =z 8
its results with stakeholders i

A Akey question to be addressell be the level of fuel
security risk that the ISO, the regi@and its policymakerand
regulatorsare willingto tolerate

A As the system operator responsible for system reliability, the
ISO must independently assess the level of risk to reliable
operation

A Discussions with stakeholders on potential solutions to
address fuebecurity risks are targeted to begin later in 2018
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ISO New England Releases Several New Publications

2018

Regional
Electricity
Outlook
2018 Regional Electricity Outlook New England Power Grid Profile New England State Profiles
Provides an wulepth look at Provides key grid and market Providesstate-specificfacts
New9 vy 3f | yRQRalledgasI IS &M Ga 2y K26 b S gandiguis relafing ®asupply
to power system reliability, the wholesaleelectricitymarkets and demandesources tied
solutions the region is pursuing, aresecuring reliable electricity into the New England electric
and other ISO New England at competitive prices and grid and state policies
effortsto improve services and helping usher in a cleaner, transforming the resource
performance greener grid mix in the region
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https://www.iso-ne.com/static-assets/documents/2017/01/ne_power_grid_2016_2017_regional_profile.pdf
https://www.iso-ne.com/static-assets/documents/2017/02/2017_reo.pdf
https://www.iso-ne.com/static-assets/documents/2017/01/ne_power_grid_2016_2017_state_profile.pdf

